leader of the Trojans, and Troy was subsequently captured. However, Hector's death was avenged by his brother Paris, who killed Achilles by firing a poisoned arrow into his heel.
Hippocrates is credited with the first description of injury to the Achilles tendon. He stated that "this tendon, if bruised or cut, causes the most acute fevers, induces choking, deranges the mind and at length brings death".3 Ambroise Pare, the French military surgeon regarded as the father of modern surgery, is credited with the first description of rupture of the Achilles tendon in 1575. Pare believed that the affected leg should be strapped with bandages dipped in wine and spices, but he was not hopeful of a good result. 4 The first description of surgical repair of a ruptured Achilles tendon was by Polaillon in 1888. 4 Tendon suture was not a new idea, as it had been advocated as early as the 10th century AD by an Arabian physician. In the 12th century AD, William of Falicet, an Italian surgeon, stated that nature was unable to unite divided tendons, and that surgeons could make a much better job of it. Many researchers have attempted to elucidate the aetiology ofAchilles tendon rupture, but its true nature still remains unclear. There is also still disagreement regarding the best method of treatment for an acute Achilles tendon rupture. Some workers advocate surgical repair, whereas others insist that surgery is unnecessary, and is an unacceptable risk.
Method
A computerised literature search of the entire MEDLINE database, covering the years 1966 to the present, was conducted for this review. Table 1 lists the keywords used in the search. All articles that were relevant to the subject were retrieved, either locally, or by inter-library loan. The search was not limited to the English literature, and articles in all journals were considered. The authors own personal collection of papers, and any relevant personal correspondence were also included. The references that were selected were reviewed by all authors, and judged on their contribution to the body of knowledge of this topic. The conduct and validity of any clinical studies was carefully considered, and the outcomes of management protocols were carefully scrutinised. Case reports were excluded, unless they mentioned a specific association with the condition that was thought to be relevant to the discussion. Only papers that made a significant contribution to the understanding of this condition were included in the review. This left a total of 121 publications, 87 of which were directly related to the Achilles tendon, and the remainder to tendon or tendon structure in general.
The Achilles tendon The Achilles tendon is formed by the merging of the tendinous portions of the gastrocnemius and soleus muscles, which constitute the triceps surae muscle group in the leg. The plantaris muscle, present in 93% of persons,5 although related to the medial border of the Achilles tendon, does not participate in the formation of the Achilles tendon. The medial and lateral heads of the gastrocnemius muscle arise posteriorly from the femoral condyles. 5 The soleus muscle originates from the posterior aspect of the tibia and fibula. 6 The gastrocnemius tendon originates as a broad aponeurosis at the lower margin of the muscle bellies. 7 The soleus tendon begins as a band high on the posterior surface of soleus. Both components of the tendon vary in length and extent of fusion. The gastrocnemius component varies from 11 to 26 cm,7 the soleus component varies from 3 to 11 cm. From its origin, the Achilles tendon becomes progressively rounded, to a level of about 4 cm above the calcaneus. 8 The tendon inserts onto the calcaneus posterior to the superior calcaneal tuberosity. 9 The fibres of the Achilles tendon spiral through 900 during its descent. Therefore fibres that lie medially proximally become posterior distally. This arrangement permits elongation and elastic recoil within the tendon, and allows stored energy to be released during the appropriate phase of locomotion.8 This stored energy allows the generation of higher shortening velocities and greater instantaneous muscle power than could be achieved by muscle fibres alone.'0 The region of the calcaneal insertion of the Achilles tendon is highly specialised."' A subcutaneous bursa (located between tendon and skin) is variably present. A retrocalcaneal bursa lies between tendon and the calcaneum. 9 These bursae reduce friction between tendon and the surrounding tissues. active sodium (24Na) into the Achilles tendons of volunteers, and measured its clearance time. The "clearance constant" for 24Na was significantly higher in younger subjects, indicating that tendon blood flow was higher in younger people, and decreased with age. Lagergren and Lindholm22 demonstrated that the Achilles tendon had a very small number of vessels, especially in the mid-portion of the tendon. More than three decades later, SchimdtRolfing et al'8 used epoxy resin injection into the vascular system of the leg to show that blood vessels ran from the paratenon into the substance of the Achilles tendon. They also showed that no vessels ran directly from the bone into the tendon, and that blood vessel density in the middle part of the Achilles tendon was small compared with the proximal part. This contrasts with the findings ofAstrom and Westlin in 1994. 23 Sports participation plays an important part in the development of Achilles tendon problems, and training errors or poor equipment are important factors (table 4). The flared heel that is present on most sports shoes forces the rear foot into pronation when the heel strikes the ground,6" and "heel tabs" present on some shoes probably also play a part. Clement et al,39
in a study on the aetiology of Achilles tendinitis, noted that 56% of the athletes in their study group displayed a "functional overpronation" of the foot on heelstrike. Functional overpronation produced a whipping action of the Achilles tendon, and exaggeration of this whipping action may lead to the development of microtears within the tendon. Poor flexibility of the gastrocnemius-soleus unit was also considered to contribute to overpronation. Training errors were noted in 75% of the study group, and it was suggested that, in fatigued muscles, the effect of the eccentric action of gastrocnemius and soleus, together with the gravitational elongation of the tendon occurring on footstrike, subjected the tendon to extreme stress, which could lead to the development of microtears. Unequal tensile forces on different parts of the tendon may produce a "torsional ischaemic effect"-that is, causing blanching of vessels within the tendon-and perhaps therefore contribute to the vascular impairment already existing within the Achilles tendon. 39 Inglis and Sculco6' proposed that malfunction or suppression of the proprioceptive component of skeletal muscle predisposed an athlete to Achilles tendon rupture. They believed that athletes who resumed training after a period of rest were particularly susceptible to Achilles tendon rupture as a result of this malfunction.
Knorzer et at63 conducted experiments using x ray diffraction spectra to study the behaviour of the structure of collagen during loading of tendon. Tendons that rupture without previous degenerative changes are initially damaged at the sub-microscopic fibrillar level, because of a process of intrafibrillar sliding, which occurs a few seconds before macroscopic slippage of collagen fibres. Therefore, rupture of tendons unaffected by degenerative changes may be the result of the accumulation of fibrillar damage. Such findings support the theory that a complete rupture is the consequence of multiple microruptures, and that tendon damage must reach a critical point, after which failure occurs.
Mechanism of rupture
Arner and Lindholm64 classified the history of trauma in their patients into three main categories. These mechanisms were firstly, pushing off with the weightbearing forefoot while extending the knee joint. This type of movement is seen in sprint starts, and in jumping in sports such as basketball. It accounted for 53.3% of the ruptures in their series. Secondly, sudden, unexpected dorsiflexion of the ankle, such as slipping into a hole, or falling on stairs. This mechanism accounted for 17.4% of their cases. Lastly, violent dorsiflexion of a plantarflexed foot, such as may occur after falling from a height. This mechanism accounted for 9.8% of their cases. In the rest of their cases it was difficult to quantify the exact mechanism of the injury. Tendinosis describes the degenerative processes occurring within tendon. Tendinosis is an umbrella term that includes a number of pathological processes such as hyaline degeneration with a decrease in the normal cell population, mucoid degeneration with chondroid metaplasia of tenocytes, fatty degeneration of tenocytes, lipomatous infiltration of large areas of tendon, an increase in matrix mucopolysaccharides, and fibrillation of collagen fibres. Rupture of a tendon can be secondary to this process, and is the critical end point of the degenerative process. Tendinosis is symptomless, and is disclosed only by rupture of a tendon. Patients who experience symptoms before rupture of a tendon commonly have a combination of peritendinitis and tendinosis. Kannus and Jozsa65 noted that only one third of the patients in their study of 891 ruptures had symptoms before the rupture. Arner et aP6 observed degenerative changes in 100% of the ruptured Achilles tendons that they examined histologically. Features of the degeneration that they noted included oedematous disintegration of tendon tissue, patches of mucoid degeneration, and a severe inflammatory reaction. They also noted that around one quarter of the larger calibre arteries that were observed in the peritendinous tissue exhibited pathological hypertrophy of the tunica media and narrowing of the vessel lumen. Kannus and Jozsa65 studied 1336 tendons to try to determine the histopathological changes that preceded a rupture. Of the 891 ruptured tendons from all sites studied, all had pathological changes, 97% of which could be described as degenerative changes. The most common degenerative lesion observed was hypoxic degenerative tendinopathy, characterised by changes in the size and shape of mitochondria, abnormal tenocyte nuclei, and occasional intracytoplasmic or mitochondrial calcification. If degeneration is advanced, then hypoxic or lipid vacuoles and necrosis may be observed. Aberrant collagen fibres can also be seen, with abnormal variations in fibre diameter, angulation, splitting and disintegration. Kannus the tear surfaces of ruptured Achilles tendons. Fibronectin is a high molecular weight glycoprotein, normally located in basement membranes, and also present in a soluble form in plasma. Fibronectin binds more readily to denatured collagen than to normal collagen,68
suggesting that the presence of fibronectin on the surfaces of ruptured tendons may indicate pre-existing collagen denaturation.
Presentation and diagnosis
The typical patient with an Achilles tendon rupture generally presents to hospital with a classic history of sudden pain in the affected leg, often reporting that, at the time of injury, they thought that they had been struck by an object or kicked by a fellow sportsman. Some patients report an audible snap. They are often unable to weightbear and notice weakness or stiffness of the affected ankle.69 If they were playing sport, the injury tends to occur late in a game when they are fully warmed up. Indeed, Achilles tendon rupture is rarely associated with insufficient warm up. 70 Patients with chronically ruptured Achilles tendons also tend to give a fairly typical history, often recalling only very minor or perhaps no trauma, and first noticing the injury as an inability to complete everyday tasks such as climbing stairs."
On examination, there may be diffuse oedema and bruising,69 and a palpable gap may be felt along the course of the tendon69 unless the swelling is severe. The site of rupture is usually 2-6 cm proximal to the insertion of the tendon,2' the average distance measured intraoperatively being 4.78 cm in a recent large study.7'
Diagnosis of Achilles tendon rupture should be straightforward. However, up to 25% are missed by the first examining doctor. 72 There are a number of diagnostic signs and tests, both clinical and radiological, that the examiner may use to aid diagnosis. This test entails inserting a hypodermic needle through the skin of the calf, medial to the midline and approximately 10 cm proximal to the insertion of the tendon. The needle is inserted until its tip is just within the substance of the tendon. The ankle is then alternately plantarflexed and dorsiflexed. If, when the ankle is dorsiflexed, the needle points distally, the tendon is intact in the portion distal to the needle. If the needle points proximally when the ankle is dorsiflexed, there is a loss of continuity between the needle and the tendon insertion.79 COPELAND TEST This test entails inflating a sphygmomanometer cuff around the mid-calf of the affected leg while the patient is lying prone. The cuff is inflated to 100 mm Hg with the foot in plantarflexion. The foot is then dorsiflexed, and if the pressure rises to approximately 140 mm Hg then the musculotendinous unit is intact. If, however, the pressure stays at around 100 mm Hg then an Achilles tendon rupture may be diagnosed. 80 Recent work in our unit, with a large group of patients with Achilles tendon ruptures, ascertained that there was no statistically significant difference in predictive value between the above mentioned tests (Maffulli N, unpublished data ). The diagnosis of Achilles tendon rupture is certain if the result of at least two of these tests were positive.
Tendon imaging in diagnosis PLAIN RADIOGRAPHY Some signs that may be observed on lateral radiographs of the ankle are said to indicate that the Achilles tendon has been ruptured. The first such sign involves the contours of Kager's triangle,8' the fat filled space bounded by the margins of the Achilles tendon, calcaneus, and deep toe flexors. When the Achilles tendon is ruptured, this triangle loses its regular configuration. Toygar's sign82 entails measuring the angle of the posterior skin surface curve seen on plain radiographs. An angle of 130°to 1500 would indicate Achilles tendon rupture. Toygar himself considered an angle of 1300 to 1500 accompanied by displacement of Kager's triangle to be so characteristic of Achilles tendon rupture as virtually suffice for diagnosis. Arner and Lindholm83 studied the plain radiographic changes seen with Achilles tendon rupture. They stated that "a curving away from the bone of the posterior tendon contour between its insertion and the upper margin of the calcaneus combined with unimpaired contour, and forward deviation of the anterior tendon contour proximal to the calcaneus" were the radiographic changes most likely to be associated with Achilles tendon rupture. (fig 7) , to more complex repairs using fascial reinforcement or tendon grafts.94 Artificial tendon implants have also been performed, using material such as absorbable polymer-carbon fibre composite,95 Marlex mesh,96 97 is used, as the classic longitudinal incision passes through poorly perfused skin.'07 Aldham'08 used a transverse incision just distal to the gap in the tendon. In his 41 patients there was only one case of wound breakdown. After surgical repair, the leg is immobilised in a cast for four to six weeks.29 Some workers have advocated the use of a functional orthosis after just several days of cast immobilisation. This permits unlimited plantarflexion, but restricts dorsiflexion, and is designed to help prevent atrophy of the triceps surae.'09 110 Table 5 outlines some of the studies on surgical repair, and shows the comparatively high overall complication rate, and low re-rupture rate.
PERCUTANEOUS REPAIR
The percutaneous technique for repair of ruptured Achilles tendons was first described by Ma and Griffith."' They developed this technique because of their dissatisfaction with the complications of surgical and non-surgical techniques and stated that this technique minimised many of the complications of surgical repair, while restoring tendon continuity and length. The technique entails producing six small stab incisions along the medial and lateral borders of the tendon, then passing a suture through the tendon via these incisions (fig 8) . Ma and Griffith reported on a small series of 18 patients treated by this technique, in which there were only two minor, noninfectious skin complications and no reruptures. Rowley and Scotland"2 described 24 cases of rupture of the Achilles tendon, 14 treated by equinus cast alone, and 10 treated by the percutaneous technique described above. There was one case on entrapment of the sural nerve in the sutured group, but no other complications were encountered. Plantar flexion strength was measured in both groups according to a method described by Gilles and Chalmers.'02 It was noted that patients in the sutured group were more likely to have a return to near normal plantar flexion strength, and patients in this group were also perceived to If the studies that report increasing incidence of Achilles tendon rupture are correct, then the field of Achilles tendon surgery will become an increasingly important one. Future developments may include the routine use of adhesives in tendon surgery. An understanding of the role that cytokines play in tendon healing may lead to the advent ofnew treatments. However, such novel treatments are unlikely to be in routine clinical use for some time.
Thirty years ago we dissected frogs for muscle and heart experiments and used kymographs and stethographs. Heart rate and ECG were measured using an old Deveses machine and oxygen uptake was analysed by a Haldane gas analysis apparatus. If you turned the wrong tap you were in trouble. Then we used Douglas bags and Beckman oxygen analysers and in the 1 980s we developed an online system. Because students learn more by doing it themselves were are back to Douglas bags and 02/CO2 analysers.
Initially anthropometric measurements were limited. Skin folds and somatotype measurements were often taken, but my first attempt to measure body composition in the lab was by volumetric displacement using a wooden tank painted liberally with yacht varnish. I even got the engineers at Brighton Polytechnic to make a helium dilution apparatus, which looked like a coffin and still leaked gases. Now we have a special laboratory and a large plastic tank for underwater weighing that takes over a ton of water without any leaks! When will we get DXA, magnetic resonance imaging or computed tomography?
When I started teaching we had a small fourth year BEd group. Most of the lecturers who taught physiology especially to physical education students, were PE teachers with an interest in physiology and anatomy. There was no sports science. It was remarkable to see the evolution of our discipline throughout my own career during which time I went through four changes of establishment and had to apply for my post three times. No doubt there will be as many changes-and different colleges in the next 
